Local-density approximation (LDA) band-structure calculations place the 3d band of zinc-blende ZnO, ZnS, ZnSe, and ZnTe at 5.4, 6.4, 6.8, and 7.5 eV below the valence-band maximum (VBM), while photoemission measurements place them at 7.8, 9.0, 9.4, and 9.8 eV below the VBM, respectively. We show that this -3-eV LDA error can be accounted for using a "broken symmetry" band-structure approach. In this approach, a d core hole is placed in an impuritylike splitoff d subband resulting from the creation of the hole on a partrcular Zn sublattice. Self-consistent solutions to such a constrained LDA problem reveal that the final hole state is sufficiently localized to trigger a self-interaction correction of 3 -4 eV, needed to explain the discrepancy with experiment. This 3-4 eV shift is reduced, by screening effects, from the 9.7-eV value in a free Zn atom. Finally, we calculated the binding energy EM" for Mn 3d states in ZnTe:Mn and the effective Coulomb interaction parameter U,ff. Significant improvements over the results of local-spin-density calculations were found. The calculated EM"=E»M -3.93 eV and U ff = 6.85 eV are in good agreement with experiments.
I. INTRODUCTION
Wide gap IIB-VI semiconductors are being explored for optical and electro-optical applications, ' largely be- Consequently, in pseudopotential descriptions, ' the occupied d orbitals of Zn, Cd, and Hg atoms were classified as "core" and thus were not only "frozen, " but were also pseudized away, leading to a band structure lacking the d band. Wei and Zunger pointed out that even though the d ' orbitals do not form bonds in IIB-VI compounds, they do form a band that can significantly alter the principal sp bonds via hybridization. This is so both because of (i) a "crystal potential effect" and (ii) an explicit "wave-function effect:" erst, the d' charge density does not perfectly screen the -10/r nuclear attraction term. The practical approach to the broken-symmetry solutions to core-hole excitations is based on the fact that removal of an electron (or a fraction thereof) from a distinct atomic site is analogous to creating an (" electronic" ) impurity state. This gives rise to a physically distinct eigenstate of the whole system. Since this state is identifiable, one can place the hole in it throughout the self-consistency iteration cycle, thus seeking a converged solution. In practice, one uses a supercell with N crystallographically identical atomic sites, constructing an initial potential (e.g., by superposing atomic functions) by placing a core hole in atomic orbital cx of one atomic site, leaving the N -1 sites undisturbed. The extracted electron is placed in the "jellium background, " to be described below. One then solves the periodic bandstructure problem with this potential. According to Eqs.
(1) and (3) , the removal of charge from orbital a, shifts its eigenvalue e" (1) To see the effect of hybridization with the host crystal, we have plotted in Fig. 2 This is because we have placed the core hole in both 1, 5& and I &2d states. Clearly, the holes in Figs. 2(a) and 2( b) are highly localized on only one Zn atom. The noticeable difference between Fig. 2 (a) and 2(b) suggests that the d hole in Fig 2(b) 
